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¥I1IE-T T JIT1TEL TESTS OP SI HOLE- A1TD DUAL-POTAT I1TG PUSHES 



PBOPELPaas FAvi:TG^a^.. r rn^s to eight blades 

By David Bierraann and V. H. &ray 



SUMMARY 

Tests of 10~f oot~diameter , single- and dual -rot at ing 
pusher pr op 011 or s having from chree to ei£.a': blades vera 
Conducted in the 20-fcot pro-ooller-research tull33.el $8 a 
continuation of previous investigations of tractor propel- 
lers. WT&.B propeller? wore mounted at tko rear end of a 
str can:li:-o "body in spin ier s that covered the huts and part 
of the sixanks* The effect of spinner length vas^also ig* 
vestigatod* Blade—finglo settings ranged f r on 20 to 70 . 

The eff iciencior of the dual-rotating propellers in 
the pusnor position "."ere rb out the name as for the tractor 
position, It-.-, the efficiencies for the single-rotating 
propeller s v/ere soinev;hat less. The fains due to dual ro- 
tation v/ere 3 consequently, greater for the pusher posi- 
tion than for the tractor position, amounting to as mucix 
as 16 percent as compared v/ith & percent ♦ The general 
effects of dual rotation on other propeller characteris- 
tics were substantially the same for the pusher position 
as previously noted for the tractor position. 

IlTTHOLUCTIOi: 

Two previously published reports (references 1 and 3; 
present the results of tests on three-, four-, six-, and 
eight-blade, single- and dual-rotating propellers for the 
tractor condition. The present report presents the re- 
sults of subsequent tests of the sane propellers mounted 
in the pusher position. 

The effect of an elongated spinner, both fixed and 
rotating, v:as also studied. ITo wing was used for the 
pusher tests. 

APPARATUS A1TD 1IETH0DS 



The present invo st igat i on is a continuation of others 
previously made in the propeller-research tunnel. (See 
references 1 and 2.) A detailed description of the appa- 



2 



ratus and methods will therefore not be repeated. A short 
description follows in order to make repeated reference to 
the previous reports unnecessary. 

Model »~ 3! he model used in the previous tests was 
turned end for end. As both ends of the body are identi- 
cal, tho flow over the "body was similar for the tractor 
and pusher studies. 

The si-X-blado (dual- and single-rotation; tests were 
repeated with a spinner three times as long as the short 
one aortal ly used # (See fig, 1.) This spinner was so 
constructed and supported that it could either be fixed 
or free to rotate. 

Pro peller s The four-, six-, and eight-blade propel- 
lers, single*- and dual-rotating, were mounted in two-, 
three-, or four-way hubs as the case required and spaced 
in tandem approximately 10 inches. (See figs. 2 and 3.) 
Preliminary tests were made to determine the optimum angu- 
lar di ©placement "between the front and rear propeller 
blades for the single-r otat i on tests. These tests showed 
no appreciable aer odynami c difference between the various 
s-.oacings within a range of 30 on either direction iron 
an equa,l spacing. Owing to the position of t.he shaft 
splines, equal spacing was imp ossicle; for four-, six-, 
and eighWblade single-rotating propeller s , o tho front q 
blade therefore led the rear by 35.4°, 75.0°, and 52 #5 , 
respe ct ively . 

The "blades used for this investigation were the same 
as previously tested; Hamilton Standard 3155-5 and 3156— 6, 
right-hand and left-hand, respectively. 31ade~form curves 
are given in figure 4. 3 lark Y sections are incorporated 
t hr oughout . 

Test condition s .- Because of the limiting tunnel 
speed (approximately 110 rnph) and the limiting power of 
the drive motors (two 85-hp electric motors), the Reynolds 
number and the tip speed were considerably lower than 
those experienced in flight 'The maximum propeller speed, 
which was 550 rpm, was ohtainahle only for the low "blade 
angles and the low V/nD range of the tests. The tip 
speed, consequently, was below 300 feet per second, and 
thus the effects of compressibility could not he measured. 
The Reynolds number of the 0.75K section was of the order 
of one million. 
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Ihe right—haiid (front-) propeller was ret at even 
values of blade setting for the dual~r otat i on tests. The 
left-hand (rear) was set to absorb the game power as the 
right-hand propeller for the peak-efficiency condition 
only* A plot of the angular difference between the right* 
and the left— hand propeller-blade settings is given in 
figure 5 0 The speed of the right- and the left-hand pro- 
pellers was maintained equal throughout the tests, The 
test procedure was the same as that cised for previous in- 
vestigations in this tunnel. 



A1H) DISCUSSI01T 



The Lieasured values have been reduced to the usual 
coefficients of thrust $ power , and propulsive efficiency 



effec tive tii r- 
p r. 2 D 4 " 



3 n5 

p n D 



C-p nE 



c . /£JL 

S / _ 2 

where the effect ivo thrust is the measured thrust of the 
propeller— body combination plus the drag of the body seas* 
ured separately, and 

P power absorbed by propeller f foot—pounds per second 
V airspeed, feet per second 
D propeller diameter, feet 

n propeller rotational speed, revolutions per second 
p mass density, slugs per cubic foot 
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These coefficients were plotted against V/nD. The 
results aye given in the following figures: 

ffjgure 

S - 9 characteristic curves for three** 'blade propeller 



10 - 13 char act eristic curves for fcur~"blado propeller, 
single rotat io n 

1-1- ~ 13 characteristic curves for four— "blade propeller, 
du&l rotation 

19 - 22 characteristic curves for nix~~olado propeller, 
s i ngl e rotation 

25 - 27 characteristic curves for six~*bladc propeller, 
dual rotation 

28 ~ 51 characteristic curves for e i ght -"blade propeller, 
s i agl e rotatio n 

32 ~ 36 characteristic curves for oight-hlla&e propeller, 
dual rotation 



7-39 effect of spinner length on efficiency 



40 cf f icicncy-onvolopo comparisons for different 

solidities 

41 - 42 ratio cf power ahsorocd per blade at peak effi- 

ciency to that of a t hr cc-hladc propeller, 
single and dual rotation 

43 - 47 comparisons of efficiency envelopes for tractor 
and pusher propellers 

48 - 55 effect of dual rotation on efficiency and thrust 
at constant power 

56 design chart for propellers 3155-6 and 3156-6 

of different solidities, single rotation 

57 design chart for propellers 3155-6 and 3156-6 of 

different solidities, dual rotation 

58 relation "between helical tip speed, forward speed, 

and equivalent V/nD 
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The results of the pusher tests are in general agrees 
ment with the tractor tests previously reported (refer- 
ences 1 and 2/ as regards the effect of dual rotation on 
power absorbed and efficiency. These effects may "be ob- 
served iii detail from an inspection of the chnrac t or i s t i c 
curves presented in figures 14 to 17, 83 to 26, and 32 to 
35, wherein representative results from the single- 
rotation tests are super impo sod on the dual-rotation plots* 
Of general interest is the magnitude of the gain in effi- 
ciency due to dual rotation, which was somewhat greater 
than experienced in the tractor investigation, and also 
the relative gower absorbed "by the single and dual propel- 
lers, which was about the sane as for the tractor tests. 
The consequences of those effects are analyzed more fully 
in detail later. 

Hffect %t mott&tinff glnglo^rotattng ^MMMlMJ Ui in 
tandem hubs » - The ::iodcl conditions for the single-rotation 
tests wore identical to those for the dual-rotation tests 
in that the same hubs and spinners wore used. In "both 
cases half the total number of "blades wore 1& each hub of 
the tandem arrangement. As the single-rotation blades 
were arranged in this unorthodox manner, it was desired 
that the effect of mounting the blades all in a single hula 
should also be determined for the one case of four blades. 

Figures 10 to 13 present the results of separate 
tests made with all four blades in the front hub, four 
blades in the rear hub , as well as two blades in each hub. 
The tests seem to confirm the theory that the set-up with 
two blades in each hub would result in an efficiency that 
is the average of efficiencies obtained with the four 
blades tested separately in each hub. The front spinner 
covers approximately 2\ inches more of each blade shank 
than the rear spinner, which accounts for the appreciably 
higher efficiency of the propeller in the front position, 
an increase of 1 to 4 percent. 

Effect of s-pinner length. ~ It was realized that for 
the pusher tests the shape and the size of the spinner 
might have an iirportant effect on the results. Two spin- 
ners were therefore investigated, a short spinner that 
was standard for all tests, and a long one (see fig. 2) 
used for a few tests with six-blade single and dual pro- 
pellers. The long spinner was so designed that it might 
either be fixed or allowed to rotate. 
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Gompar isans of tho relative .icrit s of the long and 
the short spinners are mad© on tho "basis of a not effi- 
ciency; the drag of the "body with tho short spinner is 
used for the computations. This form of comparison is 
necessary becrusc the long spinner added drag$ which should 
"Do charged against the propeller if the only purpose of 
lengthening the spinner is to increase the propulsive ef- 
ficiency. 

A Cain of 2 to 3 percent (see figs. 37 to 39) in net 
efficiency was' real i zed for the long spinner over the 
short spinner for single rotation; the effect en efficien- 
cy of having the spinner rotating or fixed was negligible. 

The small gain in net efficiency for the long spinner 
was confined to the low V/nD range for the dvial-r otat ing 
propellers* That the long spinner benefited the single- 
rotating propellers to a greater extent than the dual pro- 
pellers may "bo accounted for by the fact that the rotating 
slipstream of the single propellers might have caused ear- 
ly separation from the ohort spinner. This rotating slip- 
stream was not present for dual rotation. 

Inasmuch as tho long spinner added drag, a loss in 
efficiency might bo expected for dual rotation. That 
this loss was not realized was probably due to the fact 
that the long spinner was also larger in diameter than the 
small one and thus covered up more of the poor "blade 
shanks . 

Effect o f solidit y.- Envelope efficiency comparisons 
for propellers of different solidity are not of much 
practical interest because the power absorption is differ- 
ent for different solidities. Curves of this type provide 
a measure of "blade efficiency, or the effect of "blade in- 
terference. The general effect of increasing the solidity 
for single rotation, shown in figure 40(a), was to reduce 
the efficiency several percent over the V/nD range; a 
drop of 4 to 10 percent was experienced in going from 
three to eight "blades. The loss in efficiency resulting 
from increasing the solidity appeared to he negligible for 
dual rotation, as may bo noted from figure 40(d). 

Comparisons are made in figures 41 and 42 for tho 
power absorbed at peal: efficiency per blade, relative to 
that for the blades of a three-blade propeller. These 
plots indicate that the effectiveness of each blade of a 
dual propeller in absorbing power was substantially more 
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than that for a slng&e— rotating propeller, an effect no- 
ticec 1 for the tractor propellers as well (reference 2). 
The individual "blades of ar eight-blade dual propeller ab- 
sorbed a'opr o;:ir.at ely 84 percent as .nuch power as each 
"blade of a three— blade single propeller as comparer! with 
81 percent for an eight-blade single propeller, 

Cosrpari sor^_o^.si a#l& and dual r o tat Ion for both 
tract o r and push or p o s i 1 1 o ns.- I h e i np r o v c a e n% in u f f i - 
cier.cy due to dual rotation was r.ore pronounced for the 
pusher propellers (fig, 43) than for the tractor propel- 
lers of references 1 and 3, Tho gain for the pusher pro- 
pellers ranged fro:: 1 to IS percent as compared with 1 to 
3 percent for the tractor propellers, depending upon the 
7/iiP, the nunber of "blades, and similar factors. 

The greater i::pr over.cnt in efficiency due to dual 
rotation for the pusher position was not generally due to 
an increased efficiency of the dual c onbinat i on but rather 
to a greatly reduced efficiency of the single-rotating 
propellers. It appears fr on fir'. are 43 that the efficien- 
cy of She dual propellers regained about constant for both 
positions cut that the single-rotating propellers were 
less efficient for the pusher position because of the 
probable effect of the rotating slipstream and spinner on 
inducing early r e par at i on . 

Iloro detailed comparisons of tractor and pusher pro- 
pellers are given in figures 44 to 47. Jfhe single- 
rotating pus": or propellers were fro:.: 0 to 7 percent less 
efficient tnan the corro3j)onding tractor propellers and 
fro::: 0 to 10 percent less efficient than the tractor pro- 
pellers tested with the wing. The dual propellers pro- 
vided about the sane efficiency, within a few percent, 
irrespective of whether they were tested as tractors or as 
pushers and -whether or not a wing was present. 

Comparisons of efficiency and thrust bag eft. && ..fefifts* 

st ant ppytt? »~ Since the dual-rotating profilers absorbed 

sonowhat r.ore power at the sane blade-angle setting than 
the single— rotating propellers, the effect of dual rota- 
tion on efficiency and thrust should be based on equal 
power absorption. Such comparisons are nade in figures 
48 to 50 for efficiency and in figures 51 to 53 for thrust. 

The efficiency gains at peak T| due to dual rotation 
conparc favorably with those based on the V/nD envelope 
curves; even greater gains are evident , however, for con- 
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ditlons corresponding to the take-off and elinh* This fact 
Is "brought out to Letter advantage in figures 51 to 53, 
wherein tha relative thrust of dual- and singleMfotat ing 
prop© 11 or a is plotted. It nay do noted that the take-off 
and elinhing thrust was increased as much as 40 or 50 'ocr- 
cent for the nost extreme case, namely, the four-blade 
propeller operating at Cp = 0.6. 

ThiB increased thrust nay "be 'accounted for partly "by 
the fact that dual-rotating propellers ahsorhed no re -power 
than single-rotating ones and, coiisequently, the blades 
angle settings for the dual propellers were lower than 
for single-rotating propellers, particularly for the take- 
off and clinking conditions. This lower blade-angle set- 
ting resulted in greater thruct for a given power output, 
owing to the higher lift-drag ratios of the elements and 
to r.ore favorable velocity-vector relationships. Also, 
with dual propellers the losses dv.e to slipstream rotation 
are greatly reduced, which accounts for a large percentage 
of the gain in efficiency. 

HJhat the dual-rotating propellers ahsorhed more power 
than tiie single-rotating propellers, particularly fcr~the 
take-off and clinbi&g conditions, nay he accounted for, 
as nentlo&ed in previous reports, "by the fact that the roar 
propeller of the dual arrangement was operating in the slip- 
stream of the front propeller which was twisting in a di- 
rection opposite to the rotation of the rear propeller. 
•This condition indicates that the rotational velocity of 
the rear propeller relative to the air was greater than 
that of the front propeller of the dual combination} hence, 
the rear propeller was producing noro thrust. The re- 
verse effect was present for the single-rotating propel- 
lers and accounts for the large differences in power" ao- 
sorbed for single- and dual-rotating propellers. 

That the rear propeller of the dual c onhi nat i on had a 
higher effective rotational velocity than the front one 
will probably result in higher compressibility* losses 
when the propellers are operated at high tip speeds, al- 
though the differences nay ho unimportant for the high- 
speed flight condition. 

Of interest, also, is the effect of solidity on effi- 
ciency at constant power, which is shown in figures 54 
and 55. It nay ho noted that increasing the solidity 
greatly increased the efficiency for the take-off and 
climhing conditions, with some loss at high speed. This 
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effect of Increased efficiency at low values of V/nB, 
discussed in some dctr.il in reference 3, was due chiefly 
to reducing the angle of attack of operation, thcrohy in- 
creasing the Ji/V of the sections'. 

ON 

£ Prelimin ary do sign charts .- In the selection of pro- 

i pollers for new high-performance airplanes there may he 

some choice as tc the number of blades to he employed and 
also whether they should he single or dual rotating. In^ 
order to save time in selecting propellers, several charts 
are included that nay prove to bo convenient. 

Figures 56 and 57 present composite skeleton C s 
charts that show the envelopes cf the operating curves for 
three-, four-, six-, and eight-blnde single- and dual- 
rotating propellers, 2 ho relative efficiencies and diame- 
ters may he determined directly for any set of conditions. 

Inasmuch as compressibility is an important design 
parameter, which is neglected in the C s charts, an addi- 
tional chart is provided in figure 53 to relate rotational 
and helical tip speeds with 7/nB. She speed of sound in 
standard atmosphere is also given for convenience. With 
forward snood and limiting helical tip speed known or as- 
sumed, the limiting 7/nD and rotational speed may be 
read directly and used, in connection with the C g charts 
previously descrlood. Those charts thus provide an easy 
means for determining for preliminary computations not 
only the diameter out also the gear ratio for poaJc-offl- 
ciency operation for each propeller solidity. 



CCiTClUSIOhS 



lae gonoral effects of dual rotation on propeller 
characteristics found in this investigation of pusher pro. 
pollers differed only in degree from those listed in pre- 
vious roports of tractor propellers. Those effects are 
summarised more specifically in the following conclusions 
relating to the present investigation. 

1. Single-rotating pusher propellers were found to 
he from 0 to 10 percent less efficient than corresponding 
tractor propellers; but dual-rotating pusher propellers 
had about the same efficiency as the corresponding trac- 
tor propellers. 
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2 # Tlio peak efficiency of dual-rotating pusher pro- 
pellers was found to oe from 1 to 16 percent higher than 
that for si&gle«»r o t at lag propellers* She Sain in effi- 
ciency depended upon the "blade— angle setting and the num- 
ber of blades, the higher of cither the greater the gain« 

3 # Dual-rot at in^ propellers ucrc found- to he sub- 
stantially aoro efficient for the take-off and climbing 
conditions of flight than the singld— rotating propellers, 
particularly for operation at high power coefficients. 

4. The peak blade efficiency was found to decrease 
with increased number of blades for the single-rotating 
pusher propellers hut not for the dual-r o tat ing propeller 

5« The efficiency for the take-off and climbing con 
ditions increased substantially with increases in number 
of llo.de s for constant power input with a Slight loss at 
the hi r h ~ s p e o d c o n d i t i o n # 

6 # Dual-rotating propellers wore found to ahsorh 
substantially nore power at peak efficiency than pinglo- 
rotat ing propellers of the sane solidity; the effect was 
oven rjoro pronounced for the tako-of f and clinh condi- 
tions. 

7 # The power ahsorhed per blade at peak efficiency 
decreased slightly with increased nunhers of blades, nore 
so for single rotation than for dual rotation, 

3, A large increase in the length of the spinner re 
suited in several percent increase in the net efficiency 
of a single-r otat in:; propeller hut the gain was negligibl 
for a dual-rotating propeller. 

L a n g 1 c y he m o r i a 1 Aero n a u t i c a 1 L a b oratory f 

National Advisory Committee for Aeronautics, 
Langley Field, Va. 
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Center -fine of propellers 



Dimension a for four- blade joropel/er* 9.7" 

ope/ler * /O.O" /or etjht- blade 




Front Qnd tear nacelle lines ore /dent icq I \ 
with spinner A 



Figure 2. -Plan view showing dimensional detail* of nacelle. 



Fig* ft e ~- Plop skewing dimensttnal deity /s of nocel/i 
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20 30 40 50 
Blade angle, ft deg 



60 70 



Figure 5. -Dif ference in blade angle of 0.75R 

for equal torque at peak efficiency. 



Figure 
radius 



4,- Plan-form and blade-form curves for propellers 3155-6 

and 3156-6. D, diameter; R, radius to the tip; r, station 
; b, section chord; h, section thickness; p, geometric pitch. 
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0 .4 .8 1.2 /.6 2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.8 7.2 7.6 8.0 8.4 8.8 9.2 9.6 10.0 10.4 10.8$' 

V/nD ? 

Figure 7( c). -Power-coefficient curve? for three-blade single-rotation propeller on front hub. 
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0 .4 .8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.8 7.2 7.6 8.0 8.4 8.8 9.2 8.6 10.0 10.4 

V/nD 



Figure 8. -Efficiency curves for three-blade .single-rotation prooeller, on front hub. 




Figure 12. -Ef f iciency curves for 
four-blade single-ro- 
tation propeller. 



V/nD 
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Fig. 9 
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0 .4 .8 1.2 1.6 2.0 2.4 
Figure 14. -Thrust-coefficient curve? 
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7.2 7.6 8.0 8.4 8.8 9.2 9.6 10.0 10.4 



2 8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.4 

VjnD 

for four-blade dual-rotation propeller, showing superimposed curves for 30°, 45°, and 60° , single rotation. 
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(b) Shows superimposed curves for 30°, 45°, and 60° single rotation. VfriD ( a ) ghows suner imposed curve for 30° single rotation. 

Figure 15(a,b)- p ower-coef f icient curves for four-blnde du^l -rota tion oroneller. 
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Figure 16(a,b ). -Individual power-coefficient curve? for four-blade dual-rotation propeller. 




' 1 *■ — 1 ' u 11 1 " u 1 U 1 ! 1 , I II 1 1 — U 1 I I U I I I I I II I I I 1 I I II I I I I I l » 

0 £0 £4 <?.<9 J.^ J.5 40 <4 40 5.2 5.6 6.0 6.4 6.8 72 76 8.0 8.4 

V/nD 

Figure 17 . -Efficiency curves for four-blade dual-rotation propeller showing superimposed curves for ?0°,45°,and 60° single rotation. 




0 .4 .8 1.2 (.6 2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.8 72 76 8.0 8.4 

V/nD 

Figure 21 -Efficiency curves for six-blade single-rotation propeller. 
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Fig. 18 
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Figure 18. -Design chart &r propellers 3155-6(R.H.) and 3156-6(L.H. ) , four-blade dual-rotation orope 
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Figure 19. -Thrust-coefficient for six-blade single -rotation propeller. 




Figure 20(a,b ) . -Power-coef f i cient curves for six-blade single-rotation propeller. 
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Fig. 22 




V/nD 

0 .2 .4 6 8 .1.0 1.2 1.4 1.6 l.d 2.0 2.2 2.4 2.6 2.8 3.0 




Figure 23(*,b) . -Thrust-coefficient curves for six-blade dual-rotation propeller. 
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(b) Shows superimposed curves for 45° and 60° single rotation. V/nD ( a ) $ n ows superimposed curve for 30° single rotation. 

Figure 24(a,b) . -Power-coefficient curves for six-blade dual -rotation propeller. 
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O .4 .8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.8 7.2 7.6 8.0 8.4 8.8 9.2 9.6 10.0 10.4 
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Figure 24( c ). -Power-coefficient curves for six-blade dual -rotation Dropeller showing superimoosed curve for 60° single rotation. 




4 .8 1.2 1.6 2 0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.8 7.2 7.6 8.0 

V/nD 

Figure 25( b ).- Individual power-coefficient curves for six-blade dual -rotation propeller. 
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Figure 26. -Efficiency curves for six- 
blade dual-rotation propel 
ler, showing superimposed curves for 
30°, 45°, and 60° single rotation. 



Figure 30.- Efficiency curves for 

eight-blade single-rota- 
tion propeller. 
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Figure 28. -Thrust-coefficient curves for eight-blade single-rotation propeller. 
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Figure 29(a, b ). -Power-coefficient curves for eight-blade single-rotation propeller. 
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(b) Shows superimposed curves for 30°, 45°, and 60° single rotation^A 1 ^ (a) Shows superimposed curves for 30° single rotation. 

Figure 33(a,b) . -Power-coefficient curves for eight-blade dual-rotation propeller. 
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Figure 34(a,b) . -Individual power-coefficient curves for eight-blade dual -rotation propeller. 
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Fig. 36 
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Figure 36. -Design chart for propellers 3155-6(R.H.) and 3156-6(L.H.) eight blade dual rotation. 
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Figure 37 . -Net efficiency envelope comparison for long spinner rotating. 
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Figure 38.-jNet efficiency envelope comparisons for lon b and short spinner, six-blade single rotation. 
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Figure 39. -Net efficiency, envelope zomnnrirori Tor lorn- nnd short spinner, six-blade dual rotation. 
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Figure 40(a,b) .-Efficiency envelope comparisons for different solidities. 
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Fig P 41.- Single rotation. 



Fig. 42.- Dual rotation, 



Figures 41, 42.- Ratio of power absorbed per blade at peak efficiency to that of a three-blade 
propeller. 
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Figure 43, -Effect of dual rotation on efficiency envelopes for tractor and pusher propellers. 
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Figure 44. -Comparison of efficiency envelopes for tractor and pusher propellers, single rotation without wing. 
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Figure 45. -Comparison of efficiency envelopes for tractor and pusher propellers, single rotation. 
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Figure 46. -Compari son of efficiency envelopes for tractor and pusher propellers, dual rotation without wing. 
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Figure 51.- Effect of dual rotation on thrust for four-blade propeller at constant power. 
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Figure 52.- Effect of dual rotation on thrust for six-blade propeller- at constant power 
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Figure 53.- Effect of dual rotation on thrust for eight-blade propeller at constant power 
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Figure 56. -Composite skeleton C s chart for three four six -, and eight-blades. Single 
rotation. Propeller 3155-6. 
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Figure 58. -Relation between hel ical t ip speed, forward speed, and equiv- 
alent V/nD. S h VS 0 +V 2 



